The aim of the study was to diagnose the main trends of the changes in land cover around the urban agglomerations, as illustrated with the example of Lublin, over the last twenty years (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016), as well as their statistical and graphical presentation in the form of digital maps compilation. The project was conducted on the basis of the remote sensing data: RapidEye and LANDSAT 5 TM satellite imagery from three temporal records (
Introduction
Research studies conducted in many countries of the global north indicate that the greatest dynamics of land use changes occurs in cities and their functional areas [Piorr et al. 2011 , Price et al. 2015 , Abrantes et al. 2016 . The growing number of urban population and the accompanying processes of urbanization and sub-urbanization contribute to the great qualitative and quantitative changes in land use [Antrop 2004 , Lovell 2010 , Zasada 2011 , Esposito et al. 2018 ].
Very dynamic changes in land use in metropolitan areas constitute an immense challenge for their management [Mace 2018 ]. Currently, it is believed that the changes GLL No. 4 • 2019 taking place in the metropolises and in their neighbourhood should be under the constant monitoring and control. This is related to conducting rational space management in these areas [Hersperger 2018 ]. One of the ways of conducting the aforementioned monitoring is to determine the changes that have occurred so far in a given area, and to determine the directions that further development may potentially take. The remote sensing data used in this study provide particularly broad possibilities, enabling very precise depiction of the ensuing changes.
In Poland, in the cores of metropolitan areas (MA) the share of agricultural land constitutes over 30% of their total area, i.e. almost twice as much as built-up and urbanized areas ]. In the municipalities forming the external zone of the metropolitan area, the percentage of the agricultural land exceeds 60%, i.e. it is more than the national average [Sroka 2018 ]. Nevertheless, many studies [Lorens and Martyniuk-Pęczek 2010, Krzyk et al. 2013 ] emphasize that, in the Polish planning practice, peri-urban agricultural land is a reserve for the areas intended mainly for housing construction. In 2010-2014, in Polish metropolitan areas, on average around 0.59% of arable land was converted to non-agricultural purposes and the dynamics of this process was significantly dependent on the location of land in relation to the core of the metropolitan area ]. The quoted research ], but also the study by Busko and Szafranska [2018] , disclosed a particularly worrying trend of converting the agricultural land with a very good quality and suitability for agricultural production (land of the I-III classes) to non-agricultural purposes.
The reduction of the surface area of agricultural land in the zones with the high urbanization pressure is often explained with the aid of the concept of economic rents [Diogo et al. 2015] . Alonso [1964] , but also much earlier von Thunen and Ricardo emphasized that economic rents determine the use of land [Ustaoglu 2016 ]. Land is expected to be used for the purpose which brings the greatest utility, taking into account the relative benefits of alternative land uses [Diogo et al. 2015] . The effect of this mechanism in practice is the reduction in the share of the relatively low profitable agricultural land [Mazzocchi et al. 2013] for the benefit of other, more profitable ways of using the land. Thus, in the areas that are located closer to cities (experiencing greater pressure from the more profitable non-agricultural sector), conversion of the land to non-agricultural purposes is more likely. Similarly, the lower the usefulness of agricultural production space, and thus its profitability, the higher the probability of agricultural land conversion [Diogo et al. 2015] .
The aim of the study was to diagnose the main trends of land cover changes around the urban agglomeration, with particular reference to the arable land and grassland. The analyses were conducted using the cases of the selected municipalities of the Lublin metropolitan area during the last twenty years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) .
The results of the research were presented using the graphical (compilation of digital maps), tabular (statistical statements), and descriptive methods. The project was implemented on the basis of remote sensing data: the satellite imagery RapidEye and LANDSAT TM. 
Photogrammetry and satellite remote sensing as tools for the analysis of land use changes
Monitoring of the changes has become possible with the development of the photogrammetry and satellite remote sensing. The development of remote sensing techniques, in particular the increase in the temporal and spatial resolution of remote sensing images, made it possible both to perform detailed studies of small areas, and to create global studies of changes in land cover and land use. In places where these changes occur very quickly, they can be observed in real time [Verburg et al. 2009 ]. In remote sensing studies, land cover is observed, and on its basis, conclusions concerning land use are drawn. Therefore, keys to the classification are constructed, in which specific divisions fit both concepts, defining in a given class a specific type of land cover corresponding to its use. Keys of this type are widely used in research dealing with the subject matter of Land Use/Land Cover [Civco et al. 2002 , Chen et al. 2003 , Cakir et al. 2006 ].
The changes occurring in the studied area can be observed and analysed on the basis of generally available satellite systems, either free-of-charge (for example SENTINEL-2A, ESA, LANDSAT) or commercial (for example WorldView-2, DigitalGlobe, RapidEye). These systems carry out continuous observations of the Earth's surface, obtaining images with high spatial and spectral resolution, enabling the development of current maps of Land Use and Land Cover ( LULC) [Wężyk et al. 2016] .
A comprehensive review of the methods for detecting changes on the basis of satellite imagery has been made by Lu et al. [2004] . The authors divided the methods into seven general groups: algebraic methods, transformations, classifications, models, application of geographic information systems, visual analysis, and other approaches.
Among the listed methods there is the classification method applied in this study. The most popular method is the so-called post-classification analysis. It consists in comparing two independent classifications, performed on two images of the same area. This method was used, among others, by Kwoczyńska et al. [2018] , Civco et al. [2002] -unsupervised classification of land cover by the ISODATA method, using images from the Landsat; Bauer et al. [2003] -study of changes in land cover in the metropolitan area of Minneapolis and St. Paul based on data from the Landsat, comparison of own, complex classification methods; Michałowska and Głowienka-Mikrut [2010] -the study of land cover changes in the area of the Słowiński National Park using the largest likelihood classification, carried out using images from the Landsat satellites; Prakasam [2010] -supervised classification of land cover with images from the TM sensor. Bochenek [2004] prefers the comparison of two independent classifications, comparing the accuracy of this method with the methods of comparing the spectral reflection values from two registration dates, comparison of the values of green indicators, analysis of the main components, analysis of changes' vector, classification of linked images [Niedzielko and Lewiński 2012] . Satellite data is a particularly important source of information about the geographical environment and, consequently, also about its changes. When examining changes in land cover, the most important advantages of satellite images are: synopticity, high repeatability of imaging of the same areas, relatively low cost of acquisition, and automation of the processes of interpreting their content [Ciołkosz and Poławski 2006] . Availability is an important factor when using this type of data. The Landsat mission has been providing data about the Earth for forty years. All archival and current images are available to any user worldwide, free of charge. Thematic Mapper and Enhanced Thematic Mapper + sensors placed on satellites moving on the Helio-synchronous orbit are the sources of multispectral images with terrain resolution of 30 m.
In this research, the source materials subdivided into three periods were used, i.e. set A: covering the LANDSAT 5 TM (Thematic Mapper, NASA) satellite scenes from 1998, set B: the RapidEye images from 2009-2011, and set C: the RapidEye images from 2016-2017.
The LANDSAT TM data were chosen due to their 40-year uninterrupted sequence of observations and general availability [Loveland and Dwyer 2012 , Markham and Helder 2012 , Wulder et al. 2012 . Five basic criteria were adopted in the selection of imagery, i.e.: registration period in April-August (sets A, B and C); the cloudiness of a single scene no more than 20%; terrain resolution less than 30.0 m; radiometric resolution of 8 bit; spectral resolution of minimum 4 channels . The time criterion -obtaining imagery from April to August -was dictated by the best quality of satellite imagery for the examined period of the studies.
The sets B and C (2009-2011 and 2016-2017) included multi-spectral satellite imagery of the RapidEye system, which is obtained via a constellation of five satellites, placed on a Helio-synchronous orbit at 19-minute intervals, imaging in 5 spectral channels (RGB + 2 × NIR) with a spatial resolution of 5.0 m [Krischke et al. 2000 , Sandau et al. 2010 ]. These images were obtained for the purposes of the project 2016/21/D/ HS4/00264 entitled: urban agriculture as a challenge for the sustainable development of metropolitan areas in Poland -economic and social, environmental and planning aspects. The time span (2009-2011 and 2016-2017) resulted from the selection of satellite images with the lowest degree of cloud coverage for the examined area. They were used to classify the land cover and the land use (LULC, Land Use/Land Cover) of Lublin and the municipalities adjacent to it with the timeliness for 2016. Digital orthophotomaps with a spatial resolution of 0.25 m and timeliness for 2016 were also acquired for the study area. The orthophotomaps were used to improve the quality of the RapidEye satellite image classification (years 2009-2011 and 2016).
Characteristics of the examined objects
Selected municipalities of the Lublin metropolitan area were included in the analysis. It is one of the smallest Polish metropolitan areas -the only one located in the eastern part of Poland (east of the Vistula River). The choice of this metropolitan centre was dictated by the relatively high importance of agriculture in the region's economy and a very large percentage of agricultural land, which is characterized by the very favourable natural conditions for agricultural production (the best natural conditions among all Polish metropolitan areas). At the same time, the metropolitan area of Lublin belongs among the least economically developed (relatively high unemployment, low entrepreneurship, etc.), and it is characterized by the relatively unfavourable demographic conditions as compared to other Polish metropolitan areas [Statistical Office 2015] .
The detailed analysis covered the city of Lublin (core of the metropolitan area) together with four municipalities selected in a targeted manner ( Fig. 1) . When selecting the municipalities, their location in relation to the MA core was taken into consideration (municipalities bordering with the core vs. municipalities located on the outskirts of MA) as well as the quality of natural conditions of agricultural production (better vs. worse natural conditions of agricultural production) ( Table 1) .
The city of Lublin, i.e. the core of the metropolitan area, is one of the smallest Polish metropolitan centres, which is associated with its relatively small impact on the surrounding municipalities. Nevertheless, it is the ninth city in the country in terms of the number of inhabitants and also the largest urban centre in eastern Poland. Lublin together with the surrounding areas acts as the main centre of economic life, with the significant concentration of various types of business entities and business-related institutions and services [Kociuba 2011 ]. In the city, the agricultural land is of the great importance (over 50% of the total area), and it also enjoys very favourable -indeed some of the best -natural conditions in Poland for agricultural production [Witek 1994 ].
Source: Authors' own study with the use of the orthophotomap from the Geoportal Fig. 1 The two analysed municipalities are located near the border with the core of the metropolitan area. Konopnica municipality (district of Lublin) is characterized by very favourable natural conditions for agricultural activity, whereas the Wólka municipality (district of Lublin) has slightly worse conditions. These are typical peri-urban municipalities, characterized by good demographic conditions (relatively high population density and positive migration balance), coupled with also good economic conditions (relatively high entrepreneurship rates and low unemployment). Although agricultural lands occupy over 80% of the total area in both municipalities, and a large part of the population still makes the living from farming, agriculture is not perceived in their area as an important economic sector [SRGK 2016 , SRGW 2009 ]. The opportunities for the development of the municipalities are seen in the expansion of the metropolitan functions of Lublin and the progressing suburbanization (attracting those more prosperous residents of Lublin city).
Two municipalities located further away from the MA core (over 20 km) were also taken into consideration in the analysis, including the municipality of Mełgiew (district of Świdnica) characterized by relatively good natural conditions of agricultural production, and the municipality of Spiczyn (district of Łęczna) with worse natural conditions. Both municipalities -both in the context of the Lublin region and of the country as a whole -are characterized by relatively poor demographic and economic conditions, which illustrates the relatively weak impact of the city of Lublin. In the first of the analysed municipalities (Mełgiew), agriculture and arable land constitute an important element of space (arable lands occupy over 91% of the municipality's area) as well as of the municipality's economy (a large number of people living primarily off agriculture), and the municipality's authorities perceive it as one of the priorities of the municipal development [SRGM 2016 ]. In the Spiczyn municipality, the arable land constitutes about 66% of the area, and agriculture is characterized by worse natural and structural conditions. Moreover, agricultural character of the municipality is perceived as a limitation to its development (bringing low income to the municipal budget).
Process of remote sensing images processing
The work on the multi-scale, multispectral and multi-temporal remote sensing data required their appropriate adjustment in terms of resolution and geometry. Before the classification, the LANDSAT 5 TM satellite imagery were processed in order to generate derivative layers, such as: the Principal Component Analysis -PCA, operations on the edge filters (e.g. the Laplace filter), indices (e.g. the Normalized Difference Vegetation Index -NDVI, channels ratio -SR or Simple Ratio, and EVI or Enhanced Vegetation Index), which was necessary to increase the accuracy of the classification ]. On the basis of the acquired images, the coloured compositions the digital classification have been developed and subjected to digital classification. The three-colour compositions were created for LANDSAT imaging: (4)(2)(1) ( Fig. 2a ), (5)(3)(4) ( Fig. 2b) and (1)(4)(5) (Fig. 2c) . The third composition from channels 1, 4, and 5 was selected for the analysis, because it mapped individual usable structures in the best way.
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For the RapidEye imaging, colour compositions were made on the basis of the following channels: (2)(4)(5) (Fig. 3a) , (3)(1)(5) (Fig. 3b ), (5)(4)(2) ( Fig. 3c) and (4) (1)(2) (Fig. 3d ) from which the second composition (3)(1)(5) was considered for classification.
The SAGA GIS software was used for the comprehensive analysis presented in the paper. The entire project was conducted using a supervised classification in accordance with the "Maximum Likelihood" technique ( Fig. 4) .
The supervised classification is one of the most commonly used methods of digital classification. It is a pixel classification (similar to an unsupervised classification), in which pixels are assigned the appropriate classes on the basis of the analysis of reflections, registered in particular spectral ranges [Bałazy et al. 2013] .
In this method, the computer operator extracts objects on the basis of the determined statistical parameters (for individual so-called training fields). This means that each part of the picture has a defined land cover class. In order to do that, it is necessary to specify the pixels that will visualize the image during the classification. Each pixel then represents the land object assigned to it, and is a spectral pattern. The accuracy of this systematization depends on the proper selection of training fields [Adamczyk et al. 2010 ].
The "Maximum Likelihood" method is a technique based on the probability that a pixel belongs to a particular class. The basic equation assumes that these probabilities are equal for all classes, and that the starting bands have a normal distribution. Each Source: Authors' own study based on photogrammetric data in the SAGA GIS 4.0.1 program Source: http://www.50northspatial.org/pick-best-supervised-classification-method/ Fig. 4 pixel is qualified to a specific group on the basis of the calculated mean value for the class [Oliveira Duarte et al. 2016 ]. Li and Yeh following [Lu et al. 2004 ] applied the highest probability supervised classification to detecting changes in the land cover in the Pearl River Delta area in China. It was this technique that was also selected for the classification of the discussed research area.
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While selecting the training fields reflecting particular classes, special attention was paid to the accuracy in the selection of pixels. As a result of the classification, 7 classes of land cover and land use were obtained for three research dates (1998, 2009-2011, and 2016-2017) , i.e.: arable land, grassland, urbanized areas (compact settlement and scattered settlement), water, forests, and wasteland. The quality control of the supervised classification showed the accuracy at the level of 87.7% for the LANDSAT 5 TM analyses of scenes, and at the level of 90.9% for the RapidEye imagery. The Kappa coefficients for the subject classification were 0.83 (LANDSAT TM) and 0.88 (RapidEye), respectively. The effect of the study presents maps of land cover for individual research dates ( Fig. 5 and 6 ).
Research results and discussion
The basic assumption in the adopted method of the study of changes was to carry out independent satellite image classifications for each registration date, using the same set of land cover classes and comparison of classification images. The accuracy of identification of the individual land cover classes directly affects the precision of determining the change areas. Therefore, it is extremely important to use such method of classification that would ensure the classification of the satellite image with the highest possible accuracy. In the present study, it was the maximum likelihood method.
Comparison of the resulting land use maps of the studied areas for individual time periods made it possible to determine changes in land use structure both in the city of Lublin and in neighbouring municipalities over 20 years. The detailed list of areas and changes for the adopted classes of land is included in Table 2 .
The percentage changes of individual agricultural areas in comparison to the previously considered period of the study are marked in red in Table 2 . The performed analyses showed that in the analysed municipalities the changes in the way of using of the arable land and grassland occurred. Definitely the largest area loss was recorded in the arable land category. In the core of the metropolitan area, i.e. in Lublin, over the last 20 years, the share of arable land in the total area decreased by almost 11 percentage points (p.p.). In municipalities located directly at the border with Lublin, this loss was already much lower, equal to 4.14 p.p. in the case of Konopnica, and 5.33 p.p. for Wólka municipality. Slightly larger changes occurred in municipalities located further from the MA core, that is in the municipalities of Spiczyn and Mełgiew, where, both in very good and slightly weaker natural conditions, the losses of arable land were greater than in municipalities located directly at the border of the MA core. The changes that take place in selected municipalities of the Lublin MA allow us to reject the hypothesis that close proximity to the MA core will result in a higher decrease in the share of arable land.
When analysing the importance of natural conditions in the processes of land use changes, a large loss of arable land was noted in municipalities with worse natural conditions, i.e. in Wólka (-5.3 pp) and Spiczyn (-7.2 pp), and slightly smaller changes were recorded in the municipalities of Mełgiew and Konopnica (Fig. 7) . This dependency is consistent with the operation of the economic rents law (differential rent I). It is also emphasized in the subject literature that land with lower agricultural production suitability is the first to be excluded from agricultural use [Gellrich and Zimmermann 2007 , Xie et al. 2014 , Wojewodzic 2017 .
Source: Authors' own study Fig. 7 . Changes in the area of selected classes in the years 1998-2016/17 for the analysed municipalities (percentage points)
The research also showed very large changes in the share of grasslands, where they were strongly correlated with the changes in arable land. The increase of the area of grasslands was achieved at the expense of arable land, because apart from Lublin (increase of built-up areas by 1.1 pp.) and Spiczyn (increase of forest area by 3.3 pp.), there were no changes greater than 1 percentage point in land uses other than arable land and grassland. In the analysed municipalities, no changes were noted in the percentage of parks, green areas and estate green areas in the total area [GUS 2017 ]. It should therefore be inferred that, with a growing share of grasslands and decreasing livestock density, the users of arable lands decided to extensify agricultural production. Across the whole study area, more intensive production on arable land was transformed into a less intensive one, based on the use of grassland. Other researchers [for example Wojewodzic 2012 , Wästfelt and Zhang 2016 , Pölling et al. 2017 ] point out that in areas with a relatively attractive labour market (for instance, peri-urban municipalities), some farm owners, and especially part-time farmers, abandon agricultural activity and undertake work outside agriculture.
The observed trends are contrary to the operation of "classic" economic rents, because the land is not converted to other more profitable uses. What factors, therefore, prompt land users to act in a seemingly non-rational way? The answer to this question is provided by the new institutional economy and the theory of rent seeking [Musiał and Wojewodzic 2014, Satoła et al. 2018 ]. Users of agricultural land (also grassland), in addition to income from production activities, may also achieve other economic rents, including the institutional rent (payments under the CAP, the use of insurance benefits), the planning rent (re-qualification of agricultural land for construction areas), and the location rents (higher prices for conveniently located land). Speculative activities are also of great importance. While conducting research on the problem of abandoning the use of agricultural land, Sroka and others ] note that some owners of agricultural land do not sell or lease their land, expecting a better offer to sell the plot, and an increase of its value in the future. Thus, the extensification of agricultural activity may be beneficial to the land user.
In the analysed municipalities there were relatively small increases in the area of built-up land, because only in Lublin they increased by 1.1 percentage points. In contrary to the hypotheses made and research conducted by other scholars [e.g. Sroka 2018] , Lublin as a regional development centre does not contribute to the conversion of agricultural land for the development purposes in neighbouring municipalities. However, it affects the reduction of the intensity of agricultural production, a phenomenon, which -in the opinion of many scholars [Queiroz et al. 2014 , Terres et al. 2015 , Leal Filho et al. 2017 ] -is unfavourable.
Summary and conclusions
The aim of the present study was to diagnose the main trends in land cover changes, in the selected municipalities of the metropolitan area of Lublin. The analyses were focused mainly on the assessment of changes in the share of arable land and grassland. The performed analyses showed that the biggest changes were definitely occurring in the MA core, i.e. in Lublin, where over the period of 20 studied years, the percentage of arable land decreased from around 50% to 40%. Undeniably, smaller changes occurred in municipalities located outside the core. However, the hypothesis that strong pressure of the non-agricultural sector in the city of Lublin would affect the reduction of the share of arable land mainly in municipalities close to the city was not confirmed. In the case of the analysed municipalities, the natural conditions of agricultural activity were of greater importance in the conversion processes of arable land. Larger losses of arable land were recorded in municipalities with the worse farming conditions. Despite trends in other metropolitan areas (in Poland and abroad), only small changes in the share of built-up land were noted. Only in Lublin, increase in this category was recorded at the level higher than 1 percentage point. Therefore, there is virtually no transfer of land from agriculture to non-agricultural activities.
The research also showed that, in the analysed municipalities, arable land was mainly transformed into grassland. The progressive reduction in the intensity of agricultural activity is typical for the areas of fragmented farmland, and particularly valid in the municipalities with an attractive labour market. The growing share of green land with simultaneous regression of animal production may, however, result from a speculative activity. The owners of agricultural land do not want to sell or lease it, because possession of land at a relatively short distance from the city can bring benefits in the form of a planning rent or a location rent. This phenomenon is not favourable, because GLL No. 4 • 2019 the agricultural land, especially coupled with good environmental conditions, should be transferred to other farms and not be subject to extensification processes.
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